Through the use of specific immunoadsorbent columns, it is shown that Escherichia coli aspartokinase I-homoserine dehydrogenase I, aspartokinase Il-homoserine dehydrogenase II, aspartokinase III, and homoserine kinase, enzymes involved in the same complex biosynthetic pathway, share antigenic determinants. This raises the question of a common origin for the four contemporary kinases. Thirty years ago, Horowitz (1) proposed a theory for the origin of biochemical pathways, postulating that the genes coding for the individual reactions had evolved backwards, the first gene having appeared specifying the last enzyme of the pathway "to come", and the selective pressure for the appearance of the other genes being provided by the depletion of the end product in the original environment. The hypothesis was reiterated 20 years later (2), with the added knowledge of the structure of bacterial operons and of the existence of allosteric inhibition whereby the inhibition of the first enzyme of the pathway for the end product of the biosynthetic pathway reflects a kind of "memory" of this enzyme for its origin.
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Thirty years ago, Horowitz (1) proposed a theory for the origin of biochemical pathways, postulating that the genes coding for the individual reactions had evolved backwards, the first gene having appeared specifying the last enzyme of the pathway "to come", and the selective pressure for the appearance of the other genes being provided by the depletion of the end product in the original environment. The hypothesis was reiterated 20 years later (2) , with the added knowledge of the structure of bacterial operons and of the existence of allosteric inhibition whereby the inhibition of the first enzyme of the pathway for the end product of the biosynthetic pathway reflects a kind of "memory" of this enzyme for its origin.
During the study of the purification of Escherichia coli aspartokinase I-homoserine dehydrogenase I on a specific immunoadsorbent (3) , the observation was made that four other proteins are present in the crude extracts, which are retained in small quantities on the immunoadsorbent columns. This led us to investigate possible structural similarities in the enzymes involved in the threonine biosynthetic pathway, i.e., aspartokinase I-homoserine dehydrogenase I, aspartatesemialdehyde dehydrogenase, homoserine kinase, and threonine synthetase. We have also investigated possible relationships between aspartokinase I-homoserine dehydrogenase I and the isofunctional enzymes aspartokinase II-homoserine dehydrogenase II-and (9) . The aspartokinase I fragment, a shortened polypeptide endowed with aspartokinase I activity and devoid of homoserine dehydrogenase I activity, was obtained in the homogeneous state (10) from E. coli K12, strain Gif 101, an ochre mutant previously described (11) . A proteolytic fragment of aspartokinase I-homoserine dehydrogenase I was prepared in the pure state by a method described elsewhere; it is endowed with homoserine dehydrogenase activity and lacks the aspartokinase activity; its analysis shows that it shares the same C-terminal as the native enzyme (10) . Homoserine kinase and threonine synthase were prepared pure according to Burr (in preparation). Aspartate-semialdehyde dehydrogenase and threonine deaminase were purified preparations devoid of all the other enzymes of the pathway. N-acetylglutamokinase was a crude extract freed of aspartokinase I-homoserine dehydrogenase I by percolation on an immunoadsorbent column made with antibodies to aspartokinase I-homoserine dehydrogenase I.
Enzymes Assays. The assays for aspartokinase and homoserine dehydrogenase were previously described (12, 13) , as well as the assays for aspartate-semialdehyde dehydrogenase (14) , N-acetylglutamokinase (9) and homoserine kinase (15) .
The assay for threonine synthase takes advantage of an accessory threonine deaminase activity of this enzyme and measures the rate of formation of a-oxobutyrate (16) . Immunization and Preparation of theImmunoadsorbents. The immunization of rabbits by aspartokinase 1-homoserinedehydrogenase I, the aspartokinase I fragment, and the proteolytic homoserine dehydrogenase I fragment were previously reported (17) . Anti-homoserine kinase immunoglobulins were obtained by immunizing a rabbit with 820 jug of pure enzyme, following the immunization procedure described for the above enzymes. 1268 The preparation of aspartokinase 1-homoserine dehydrogenase I used for the results published in the present paper was freed of any possible contamination with homoserine kinase in the following way: the enzyme was percolated on an antiaspartokinase I immunoadsorbent in the presence of threonine; under those conditions, homoserine kinase is retained (see Reults), whereas aspartokinase I-homoserine dehydrogenase I is essentially not bound (17) . The effluent of the column served to immunize two rabbits.
The preparation of the immunoadsorbent columns has been described elsewhere (18) . The capacities of the different immunoadsorbents for their homologous antigens were determined as previously reported (18) and are expressed in nanomoles of subunits bound per milliliter of packed immunoadsorbent. The respective molecular weights of the subunits of the enzymes which will be shown to be retained are the following: aspartokinase I-homoserine dehydrogenase I = 86,000 (19) ; aspartokinase I fragment = 48,000 (10); proteolytic homoserine dehydrogenase I fragment = 55,000 (10); aspartokinase II-homoserine dehydrogenase II = 86,000 (unpublished results); aspartokinase III = 52,000 (20) ; homoserine kinase = 30,000 (Burr, in preparation).
Buffers. The enzymes were percolated on the immunoadsorbent columns with the following buffer: 20 mM potassium phosphate, pH 7.2, containing 150 mM KCl, 1 mM L-threonine, and 1 mM magnesium Titriplex (EDTA).
RESULTS
Antigenic similarities between the three isofunctional aspartokinases of E. coli Table 1 shows that the antiaspartokinase I-homoserine dehydrogenase I immunoadsorbent is able to bind not only the Biochemistry: Truffa-Bachi et al.
I activity, but not with those against homoserine dehydrogenase I fragment obtained by proteolysis in which the aspartokinase part has been digested away (10) . The common determinant(s) is (are) thus located in the aspartokinase moiety of aspartokinase I-homoserine dehydrogenase I. This corroborates the result found with aspartokinase III when tested against anti-homoserine kinase (Table 3 , line 3). The weak cross-reactivity of the two fragments (Table 4, lines 1 and 2) is due to an overlap of molecular weight about 17,000 between the two fragments (10, 17) . DISCUSSION A previous immunological study, using precipitation techniques in solid medium, failed to reveal immunological cross reactivity between E. coli aspartokinase I-homoserine dehydrogenase I, aspartokinase II-homoserine dehydrogenase II and aspartokinase III (22) . The absence of an immunoprecipitation cannot be taken however as a proof of a different origin of two proteins: for example, antibodies raised against the a chain of hemoglobin are unable to precipitate the hemoglobin # chain (23) . The sequence studies have shown that these-two chains share 40% homology and evolutionary trees of hemoglobins indicate that they possess a common origin (24) . Clearly the immunoprecipitation technique, in order to detect homologies, requires extensive similar amino-acid sequences.
The technique used in this work, namely that of fixation to heterologous immunoadsorbents, is obviously able to detect structural similarities which do not lead to precipitation, normally observed using homologous antigens and antibodies (22) . Whether this is due to a small number of common or similar determinants must await future investigations. In any case, the specificity of the retention on the immunoadsorbent speaks in favor of a common ancestor for the three aspartokinases.
More striking is the antigenic similitude uncovered in this work between homoserine kinase and the aspartokinase. This may correspond to a verification of Horowitz's hypothesis, in which the duplication of an ancestor homoserine kinase would allow mutations in one of the copies and lead to a functional differentiation, thus creating the ancestor of contemporary aspartokinases. The other copy would preserve the original function, in accord with the model of evolution proposed by Lewis (25) . In favor of this interpretation we can cite: (a) The existence of a threonine binding site in both homoserine kinase (ref. 15 , and Burr, unpublished observations) and aspartokinase I (11); (b) the existence of a weak, but significant homoserine-dependent ATP hydrolysis by aspartokinase I-homoserine dehydrogenase I, whereas homoserine kinase is devoid of any aspartokinase activity (unpublished results); (c) the contiguity of the genes coding for aspartokinase I and homoserine kinase within the threonine operon (26) .
It is difficult to rule out the possibility that the crossreacting antibodies are not directed against amino-acid sequences or structures involved in the binding of the common substrate (ATP). We wish to stress all the precautions which have been taken. A possible contamination of the antigens has been eliminated: (a) Aspartokinase I-homoserine dehydrogenase I obtained in the pure state by conventional methods (5) was further passed through an anti-aspartokinase I fragment immunoadsorbent in the presence of threonine, under which conditions it is not retained (17) , whereas traces of homoserine kinase would have been adsorbed. (b) The preparation of the homoserine kinase (used as antigen) is devoid of aspartokinase and homoserine dehydrogenase activity. Furthermore, its N-terminal sequence has been determined: the first seven amino acids come out from the automatic sequencer with no evidence of heterogeneity (Burr, in preparation). (c) If any of the proteins used as immunogen had contained one or the other of the related proteins, this would have led to crossprecipitation in solid medium, a result not observed. We thus conclude that, among the antibody population raised against a given protein, a class of molecules react with common or similar determinants carried by the four different proteins under study. This is confirmed by experiments (not shown) where an immunoadsorbent saturated with the homologous antigen presents a decreased capacity for the heterologous one.
Definitive proof of our interpretation requires that the comparison of sequences of homoserine kinase and aspartokinase I be made.
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